Visualizing emotionally loaded pictures intensifies peripheral reflexes toward sudden auditory stimuli, suggesting that the emotional context may potentiate responses elicited by novel events in the acoustic environment. However, psychophysiological results have reported that attentional resources available to sounds become depleted, as attention allocation to emotional pictures increases. These findings have raised the challenging question of whether an emotional context actually enhances or attenuates auditory novelty processing at a central level in the brain. To solve this issue, we used functional magnetic resonance imaging to first identify brain activations induced by novel sounds (NOV) when participants made a color decision on visual stimuli containing both negative (NEG) and neutral (NEU) facial expressions. We then measured modulation of these auditory responses by the emotional load of the task. Contrary to what was assumed, activation induced by NOV in superior temporal gyrus (STG) was enhanced when subjects responded to faces with a NEG emotional expression compared with NEU ones. Accordingly, NOV yielded stronger behavioral disruption on subjects' performance in the NEG context. These results demonstrate that the emotional context modulates the excitability of auditory and possibly multimodal novelty cerebral regions, enhancing acoustic novelty processing in a potentially harming environment.
Introduction
The human nervous system has evolved to efficiently detect salient information in a multisensory environment, which is a necessary skill for adaptive behavior. Particularly, a large body of evidence has shown that emotional stimuli have priority status in the neural processing systems, eliciting stronger and faster attention capture than nonemotional stimuli (e.g., Eastwood et al. 2001; Ö hman et al. 2001; Carretie´et al. 2004; Richards and Blanchette 2004) . Such a mechanism of attentional bias arises from the limited processing capacity of sensory systems, while attending to adaptive and evolutionary advantages. In this sense, emotion interferes with the processing of concomitant stimuli, not only within (Ö hman et al. 2001; Fox 2002 ) but also across sensory modalities. A number of psychophysiological studies have yielded potentiation of the effects elicited by auditory stimuli in emotional context. Peripheral responses, such as eyeblinks after the sudden burst of an acoustic stimulus (known as startle reflex), have been shown to intensify when visualizing emotionally loaded pictures (Stanley and Knight 2004; Bradley et al. 2006) . However, psychophysiological measures have suggested that, at the same time, less attentional resources might be available for sound processing as a consequence of allocating more attention to these motivationally pertinent stimuli (Schupp et al. 1997; Cuthbert et al. 1998; Keil et al. 2007 ). This debate led us to investigate the neural mechanisms of sound processing and detection of acoustic changes in emotional environments and whether an affective context can either enhance or attenuate novelty processing in the auditory modality. Unraveling this effect would provide a better understanding of how emotion mediates involuntary attention and awareness.
In the present study, functional magnetic resonance imaging (fMRI) was used to assess the effects of manipulating the implicit negative (NEG) emotional load in a visual task, by means of fearful and angry faces, on the processing of task-irrelevant odd auditory stimuli. The occurrence of unexpected novel sounds (NOV) has been typically shown to elicit a specific pattern of neuronal activations localized in supratemporal Downar et al. 2000; Kiehl et al. 2001) , prefrontal (Downar et al. 2001; Bledowski et al. 2004) , and parietal cortices (Clark et al. 2000; Downar et al. 2001) , subserving the neural mechanisms of auditory novelty processing (Ranganath and Rainer 2003) . This pattern of neuronal activations is usually accompanied by behavioral disruption of the ongoing task, a phenomenon called distraction (Escera et al. , 2000 (Escera et al. , 2001 Escera and Corral 2007) . If the emotional context facilitates the processing of task-irrelevant NOV, these NOV should elicit greater distraction when subjects respond to emotionally loaded stimuli as compared with neutral (NEU) ones. Moreover, areas related to auditory novelty processing should become more activated. If, on the contrary, emotional processing depletes most of the attentional resources, distraction should decrease and areas related to auditory novelty processing should become rather inhibited. To test this hypothesis, we presented our participants with task-irrelevant NOV while they judged whether the color of a monochromatic face, with task-irrelevant NEU or NEG facial expression, matched the color of the surrounding frame (Fig. 1a) .
Materials and Methods

Subjects
Seventeen healthy right-handed female volunteers, aged between 19 and 30 years (mean 22 years, ±3.35), without past neurological or psychiatric history, who reported normal hearing and normal or corrected-to-normal vision, participated in the present study, which was approved by the board of directors of the Center of Advanced Imaging and the Ethical Committee of the University of Barcelona. All subjects gave informed consent according to procedures set by the local ethics committee and completed the color blindness Ishihara test (Kanehara Shuppen Company, Tokyo, Japan, 1974) to ensure normal color vision.
Stimuli
Emotionally Valent Stimuli
The emotionally valent stimuli consisted of 120 monochromatic pictures including neutrally (60) and negatively valenced facial expressions (30 fearful, 30 angry) and 6 positively valenced facial expressions to provide an additional ending block. They were compiled at the Department of Neuropsychology and Behavioral Neurobiology, Bremen University, Bremen, Germany (Weitzel V, unpublished thesis) and evaluated by a sample of 73 subjects (age 19--40 years, mean 25.16 ± 5.1). Faces with the highest correctly categorized hit rate were selected (displaying NEU-mean 79.6% ± 8.9%; angry-mean 97.2% ± 2.2%; or fearful expressions-mean 93.3% ± 3.4%). Of the chosen pictures, 50% showed male faces and 50% showed female faces (resolution 500 3 500 pixels, duration on screen 400 ms). The pictures were back projected onto a mirror mounted on the MRI head coil. Visual angles varied with the distance from the screen (35--40 cm depending on the subjects' head size) and were of 17°--15°horizontal angle and 18°--16°vertical angle.
All faces were surrounded by frames. The colors of both the faces and the frames were presented in green, blue, red, or orange in equal proportions, all equally and proportionally balanced. The faces and frames could be of the same color (50%) or of different colors (50%) across the trials. Every NEU face appeared a total of 6 times. From these NEU faces, the 7 most rated (8 for the no-match condition) appeared 8 times. All NEG faces (angry and fearful) appeared a total of 6 times. From these NEG faces, the 7 most rated (or 8 for match condition) appeared 8 times.
Auditory Stimuli
The auditory stimuli were presented at 20 dB sensation level and consisted of a 700 Hz standard tone (STD) and 100 unique environmental complex, NOV (200 ms duration), equalized for root mean square (RMS, see Supplementary Material) energy to keep the energy contour of all auditory stimuli constant over time, generated as described in previous studies . They were all similar in spectrotemporal features (see Supplementary Material) and were rated by a sample of 30 subjects, on a 1--5 Likert scale of semantic familiarity (which is defined as the quality of a novel sound having a particular meaning for the participants and being therefore defined as identifiable; see Escera et al. (2003) on the effects of familiarity on novelty processing). Sounds were chosen among those rated most familiar (2.54 mean rate ± 0.5). Throughout the session, all novel sounds appeared once except for the 50 most familiar, which appeared twice, all of them in random order.
Task and conditions
Participants performed a modified version of a well-characterized auditory--visual distraction paradigm (Escera et al. , 2000 (Escera et al. , 2001 (Escera et al. , 2002 (Escera et al. , 2003 . The auditory stimuli, which preceded the images by 300 ms (onset-to-onset), were either a STD condition (P = 0.8) or a NOV condition (P = 0.2). Faces could be NEU (NEU context condition) or NEG (NEG context condition). The pictures appeared in the middle of the screen and the subjects were instructed to press a response button (left or right hand, counterbalanced across subjects) to respond as to whether the color of the frame matched the color of the face (Fig. 1a) , while ignoring the sounds. The trial length ranged from 2600 to 3200 ms (mean 2900 ± 300 ms). A unique sequence was designed, which divided 750 trials into 50 blocks of 15, 10, or 20 trials. NEU and NEG faces were never mixed in the same block. In this manner, scanning time per condition was of a minimum of 26 s (10 trials, 26 000 ms). All blocks were pseudorandomized in a probabilistic nonstationary way so that, in the beginning, a higher proportion of NEU blocks was presented, decreasing progressively and turning into a higher proportion of NEG pictures at the end. These sequences were counterbalanced across subjects.
Procedure
Before each measurement, the subjects performed an only-standard sound practice block of the task outside the scanner. Sound calibration was implemented inside the scanner to adjust hearing thresholds and correct balance between left-and right-ear inputs for each individual subject with the help of a sound amplifier. During the course of this procedure, a shim echo-planar sequence was applied to ensure that the subjects would hear the sounds also in the scanning session.
FMRI Scanning
MRI data were acquired on a 3T Siemens Allegra scanner (Erlangen, Germany), using a whole-brain local gradient coil. Structural images were acquired with a T1-weighted MPRAGE sequence (160 slices, TR 2.3 s, TE 4.38 ms, flip angle 8°, 256 3 256 matrix, FOV 296 3 296, inversion time 900 ms, 1 mm 3 voxels). Functional images were obtained using a gradient echo-planar (EPI) T2* sequence optimized for blood oxygenation level dependency (BOLD) contrast. The EPI sequence comprised 44 contiguous slices covering the whole brain, taken every 3 mm with no interslice gap and incorporating the following parameters: TE 30 ms, TR 2. 
Data Analysis
Behavioral performance was analyzed by calculating accuracy (hit rate) and response times for every condition, and post hoc comparisons were performed using the Bonferroni adjustment for multiple comparisons. Only those trials in which sounds were surrounded (b) Mean response times for STD and NOV trials, both when sounds were preceded and followed by NEU faces (NEU context) and when sounds were preceded and followed by NEG faces (NEG context). NOV sounds caused a delay on subjects' responses, being this effect significantly enlarged when preceded and followed by fearful or angry faces. Bars indicate the standard error of the mean (±SEM).
(both preceded and followed) by both NEU or NEG faces and containing correct responses were analyzed, both for behavioral and fMRI data. At the first level, 15 event types were modeled: 6 event types referred to trials containing sounds surrounded by equally valenced pictures and followed by a correct response, 6 more referred to trials comprising misses and errors, and a further 3 referred to all trials at the beginning of every valence block or after breaks. Data were high-pass filtered (1/128 Hz), corrected for intrinsic autocorrelations, and convolved with a standard hemodynamic response function (HRF) and its temporal derivative. Second-level analysis was performed on single-subject statistical parametric maps, which served as random effects. A pooled analysis was used to identify activations additively significant for (
, which resulted in the new NEG conditions. Three contrasts of interest were defined, by means of voxel-referred t--tests, to compare BOLD signal for the following conditions: STD -NEU < NOV -NEU (novelty processing in NEU context); STD -NEG < NOV -NEG (novelty processing in NEG context); and STD -NEU < STD -NEG (emotional face processing). A fourth contrast of interest (emotional effects on novelty processing) was examined with a 1-factor analysis of variance (ANOVA):
An additional 1-factor ANOVA was performed (the reverse contrast):
Activation was considered significant when at least 20 contiguous voxels survived a threshold of P < 0.001 (except for STD -NEU < STD -NEG; P < 0.005), uncorrected for multiple comparisons. Stereotactic MNI coordinates were translated into standard Talairach space (Talairach and Tournoux 1988) following nonlinear transformations.
Localization of BOLD Response in the Primary Auditory Cortex
The primary auditory cortex (PAC) is known to be particularly involved in the initial detection of changes in the acoustic environment (Ulanovsky et al. 2003; Scho¨nwieser et al. 2007 ). Finding emotional modulation in this region would help us to constrain the timing of this effect in the novelty processing stream. One important issue that concerned us was the difficulty in localizing specific activations of PAC in functional imaging data. Cytoarchitectonic studies demonstrate considerable interindividual and interhemispheric differences in size and location of PAC, as well as duplications of Heschl's Gyrus (Penhune et al. 1996) . The MNI template is known to be roughly based on the Talairach space, and it does not totally match the Talairach brain size or shape (Brett et al. 2002) . Therefore, Talairach labels for the cytoarchitectonic allocation of functional activations is problematic because it does not provide information about the interindividual variability of the cytoarchitectonic areas (Eickhoff et al. 2005) . Thus, there was a risk of Type II errors (false negatives) in respect to PAC for the first-and second-level analyses. To overcome this limitation, we used a 3-dimensional probabilistic cytoarchitectonic map based on an observer-independent quantification of cell volume densities and areal borders of PAC on 10 human postmortem brains Rademacher et al. 2001) . PAC, microstructurally defined and normalized in space (Eickhoff et al. 2005) , was then set as an anatomical region of interest (ROI) for every single subject. Then, the relative extent of activation for those clusters showing the highest probability to be part of the 3 cytoarchitectonic areas of bilateral PAC (TE1.0, TE1.1, TE1.2) was computed for the contrasts of interest emotional effects on novelty processing and the reverse contrast.
Results
Behavioral Data
The subjects had an overall hit rate of approximately 95% (STD in NEU:
x=95:9%, r = 2.84%; NOV in NEU: x=96:5%, r = 2.46%; STD in NEG:
x=97:1%, r = 1.98%; NOV in NEG: x=96:0%, r = 4.19%). There were no statistical differences in accuracy between sound effects for NEU and NEG conditions, although a significant decrease in accuracy was found for NOV sounds in fear condition (context 3 sound: F (1,16) = 7.19; P = 0.016). A 2-factor repeated-measurement ANOVA revealed significantly longer response times in trials containing NOV sounds compared with those containing STD sounds (STD in NEU: x=536ms, r = 78.6 ms; NOV in NEU:
x=570ms, r = 75.6 ms; STD in NEG:
x=537ms, r = 76.0 ms; NOV in NEG: x=581ms, r = 79.6 ms; sound: F (1,16) = 35.93; P = 0.001), indicating by their delayed responses, so that the subjects were distracted from task performance by the task-irrelevant occurrence of novel sounds, in agreement with many previous studies (Alho et al. 1997; Escera et al. 1998 Escera et al. , 2001 Escera et al. , 2003 (Fig. 1b) . Distraction effects (NOV > STD trials) were of 34 ms for the NEU context and 44 ms for the NEG context. Thus, these response time differences between STD and NOV trials were larger for the NEG context compared with the NEU context (context 3 sound: F (1,16) = 5.3; P = 0.035). Twotailed dependent t-tests showed a difference between NOV trials in NEG and NEU context (NOV in NEU vs. NOV in NEG: T 16 = 2.6; P = 0.019), whereas the response time in STD trials was similar for both NEG and NEU context (T 16 = 0.06; P = 0.95).
Imaging Data
Emotional Face Processing Hemodynamic responses for the STD sounds showed a differential activation pattern during the processing of angry and fearful expressions compared with the processing of NEU ones in bilateral fusiform gyrus and right inferior temporal gyrus (Fig. 2, Table 1 ), areas known to be involved in face processing (both fusiform gyrus- George et al. 1999 -and inferior temporal gyrus-Rolls 1992 . Fusiform cortex has been found to be modulated by emotional faces in a variety of studies (Sugase et al. 1999; Vuilleumier et al. 2001) .
Additionally, early visual processing areas (bilateral middle occipital gyrus) as well as right precentral gyrus (premotor cortex) were widely activated. Visual cortices, such as V2, are known to exhibit an increased response to faces with fearful expressions compared with NEU ones (Morris et al. 1998) . Passive viewing of emotional faces has also previously elicited enhanced activations in the right ventral premotor area (Leslie et al. 2004) , suggesting a right hemisphere mirroring system that may subserve the neural substrate for empathy. Interestingly, in our results, BOLD response of limbic lobe areas such as right parahippocampal gyrus and right amygdala was observed. This limbic right lateralization is consistent with evidence attributing affective comprehension to the right hemisphere, as seen in patients with right amygdala damage who were unable to interpret facial expressions (Anderson and Phelps 2000) or patients with left hemisphere damage who presented difficulties in comprehending words but could report the meaning of their emotional prosody (Barrett et al. 1999) . A large body of evidence indicates that the amygdala is critically involved in processing aversive information (Adolphs and Tranel 2004) and is capable of organizing rapid reactions to danger, even without the participation of the cerebral cortex (LeDoux 1998). Differential brain activations in fearful and angry faces compared with NEU expressions were necessary prerequisite for evaluating any further emotional effect on novelty processing and distraction.
Auditory Novelty Processing
Before examining emotional modulation of novelty processing, we tested the effects of novelty processing in every single context. Novelty processing engaged a cerebral network expressed in prefrontal (bilateral inferior frontal gyrus-IFG), parietal (bilateral precuneus), and temporal cortices (bilateral superior temporal gyrus [STG] and middle temporal gyrus) both for the NEU and the NEG context (Fig. 3, Table 2 ).
Modulation of Novelty Processing in NEG Emotional Context
As can be observed in Figure 4 and Table 3 , bilateral STG, including bilateral secondary auditory cortex (cytoarchitectonic area Te2-BA42 and BA21), and bilateral planum temporale (cytoarchitectonic area Te3, BA22), showed a stronger response when the subjects processed auditory NOV events in a NEG emotional context as compared with the NEU one. Subsequent analysis of the relative extents of activation, based on probabilistic maps, showed that 2.9% of the activated voxels were allocated to right Te1.0 and, from these, 3.4% showed significantly increased activations. A smaller proportion of activated voxels was allocated to Te1.2 (0.2%), from which 0.5% was more activated. On the left hemisphere, 13.4% of the activated voxels were allocated to Te1.0, showing significant activations in 15% of them, and 6.1% were included in Te1.1, with 7.9% significantly activated. It can therefore be concluded that, based on probabilistic maps (Eickhoff et al. 2007 ), the part of the voxels that showed more activation when processing auditory novelty in the NEG context, compared with the NEU, were probably allocated to PAC.
Activations obtained with the reverse contrast were expressed in bilateral fusiform gyrus, bilateral inferior temporal gyrus, bilateral middle occipital gyri, left middle frontal gyrus, and right superior parietal lobule (Table 4 , Fig. 5) . Analysis of the relative extent of activation, based on probabilistic maps, showed no activations in any of the 3 PAC subregions.
Discussion
Modulation of Auditory Novelty Processing
The processing of stimulus salience depends not only on novelty or frequency of occurrence but also on the behavioral context (Katayama and Polich 1998) and, specifically, on the emotional relevance of the context. In the present study, we have shown that subjects were unable to fully ignore emotional information even when it was task irrelevant (Vuilleumier et al. 2001) . Emotional faces were processed differently compared with NEU ones by activating the amygdala (LeDoux 2000; Vuilleumier et al. 2001; Adolphs and Tranel 2004) and, importantly, by modulating face-selective regions such as fusiform gyrus (George et al. 1999; Sugase et al. 1999; Vuilleumier et al. 2001) or early visual areas in the occipital lobe (Morris et al. 1998) .
Novel auditory events activated a network of frontal (inferior frontal gyrus), temporal (STG), and parietal (precuneus) components, all areas known to be crucially involved in novelty processing (Downar et al. 2000 (Downar et al. , 2001 Bledowski et al. 2004) . Despite the lack of consensus on the neural substrates required for novelty processing, some common results can be observed across oddball studies. Investigation using novelty oddball paradigms, both with auditory and visual novel events, has yielded novelty responses in inferior parietal (Clark et al. 2000) , precuneus (Downar et al. 2001) , superior temporal sulcus and gyrus Clark et al. 2000; Downar et al. 2000; Kiehl et al. 2001) , and prefrontal areas (IFG - Bledowski et al. 2004; Downar et al. 2001 -dorsolateral-Bledowski et al. 2004 ). In general, the network observed in our results may subserve those mechanisms responsible for identification and evaluation of salient sensory stimuli in a complex environment, underlying a novelty evaluation system that refers to a mechanism concerned with the evaluation of novel stimuli that has already captured attention (Na¨a¨ta¨nen 1992; Friedman et al. 2001; Ranganath and Rainer 2003) . The combination of hemodynamic and behavioral results in our study led us to confirm that auditory novel sounds were processed differently with regard to the repetitive standard sounds (novelty processing), recruiting attentional resources from the ongoing task in subjects and causing a delay in the average performance (distraction) regardless of the emotional load within the task.
Furthermore, novel sounds, which already caused a delay on the subjects' responses regardless of the context, elicited a stronger distraction effect when preceding and subsequent faces displayed a fearful or angry expression in contrast to NEU faces. In other words, when novel sounds were surrounded by NEG faces and thus processed in a NEG context. In this vein, bilateral superior temporal gyri, comprising bilateral planum temporale, bilateral secondary auditory cortex, and a portion of PAC, showed a stronger response when subjects processed auditory novel events in a NEG emotional context as compared with a NEU emotional context. STG has been consistently linked to novelty processing Opitz et al. 1999a Opitz et al. , 1999b and has been argued to subserve the novelty-P3 event-related brain potential (ERP; Opitz et al. 1999b ). This neuroelectric pattern of activation responds to a positive-going deflection that peaks around 300 ms and reflects orienting response toward novel auditory events (Escera et al. , 2000 . Temporoparietal lesions, centered in the superior temporal cortex, have been shown to attenuate P3 to novel sounds (Knight et al. 1989) . Specifically, PAC and planum temporale have been related to the initial detection and detailed analysis of changes in the acoustic environment, respectively (Ulanovsky et al. 2003; Scho¨nwieser et al. 2007 ).
Our results did not reveal any modulatory effect on novelty processing caused by emotion within or in the vicinity of other areas also known to be involved in novelty processing (activations that we indeed observed in every single context separately), such as IFG (Downar et al. 2000) . According to the novelty encoding hypothesis (Tulving et al. 1996) , temporal regions would provide the input for frontal encoding networks and, thus, STG would be involved in novelty detection, whereas accessing and retrieving semantic concepts related to novel sounds would additionally engage prefrontal cortex (Opitz et al. 1999b) . Neuropsychological data (Knight 1984) suggest that the prefrontal cortex might not be a primary P3 generator. All these arguments and the partial activation of PAC led us to suggest that an emotional context modulates novelty processing in the very primary stage of detection. However, it is still unclear whether these modulated areas correspond to a unimodal network related to auditory novelty processing or to a multimodal circuitry common in multisensory novelty processes. Superior temporal cortices have been claimed to be specific for the auditory sensory modality in novelty and target detection (Downar et al. 2000; Kiehl et al. 2001 ). Indeed, the coordinates of STG related to unimodal auditory processing reported before (Downar et al. 2000; Talairach [x, y, z] 53/-21/5; -51/-37/10; -53/-15/3) are close to areas identified in the present study and, similarly to our activations, were bilaterally distributed.
On the other hand, some of these regions located in STG could also correspond to the areas described previously as temporoparietal junction (Downar et al. 2000 (Downar et al. , 2001 (Downar et al. , 2002 . It has been proposed that this brain region plays a general role in identifying salient stimuli in the sensory environment across multiple modalities (Downar et al. 2000 (Downar et al. , 2002 . A lesion study concerning spatial neglect (Karnath et al. 2001 ), a disorder typically associated with lesions in the posterior parietal lobe, suggested STG to be the neural substrate for spatial awareness in humans. The coordinates corresponding to BA22 and BA42 reported in this study are located close to ours. However, all these results pointed to a right hemisphere lateralization, postulating a phylogenetic transition of this function from the bilateral distribution seen in the monkey brain (Karnath et al. 2001) . Given this evidence, the data in our study support the idea that both unimodal and multimodal novelty processing areas may be modulated by the emotional context.
Moreover, when performing the 1-way ANOVA for emotional effects on novelty processing in the reverse order to test which areas were more activated during novelty processing in the NEU context than in the NEG one (the reverse contrast), we observed activations located in fusiform, inferior temporal, and middle occipital gyri (Rolls 1992; George et al. 1999) . Previous studies using similar auditory--visual paradigms have suggested that the involuntary switching of attention to changes in the acoustic environment can interfere with early processing of the successive visual stimuli (Alho et al. 1997) . Therefore, this finding suggests that a context of emotional faces not only modulated novelty processing areas but also made novel sounds especially attenuate the processing of subsequent visual target stimuli. This effect was consistent with the behavioral data. In conclusion, emotion processing not only modulates perception when presented within a certain sensory pathway, as has been previously proposed (Ö hman et al. 2001; Fox 2002) , but also might exert a strong influence on the processing of other sensory signals presented concomitantly through an effect of facilitation. This modulation would be independent from voluntary mechanisms of attentional control but would still respond to common top--down regulation (Vuilleumier 2005) . The amygdala should indirectly play a critical role in this attentional modulation. It is known to receive sensory inputs from all modalities and to send projections toward different cortical and subcortical areas (Holland and Gallagher 1999) . Animal studies focused on fear conditioning to a simple auditory conditioned stimulus postulate that both auditory thalamus and auditory cortex send inputs to the lateral nucleus of the amygdala (Romanski and LeDoux 1993) . Furthermore, they point to the importance of the direct thalamo-amygdala pathway in this learning process (Morris et al. 1999) . The direct or indirect connections between auditory pathways and the amygdala might be directly involved in the STG enhancement we observed.
The results of the present experiment are in agreement with recent findings in ERP studies, where similar experimental tasks were used, revealing an enhancement of auditory novelty-P3 amplitude in the NEG context in relation to the NEU context (Domı´nguez-Borra`s et al. 2008a , 2008b , but differ from previous electrophysiological studies using P3 and startle reflex measurements (Schupp et al. 1997; Cuthbert et al. 1998; Bradley et al. 2006; Keil et al. 2007) . In the latter studies, the amplitude of P3 to the startle probes appeared smaller when blinks were potentiated by the processing of unpleasant pictures (Schupp et al. 1997; Cuthbert et al. 1998; Bradley et al. 2006; Keil et al. 2007 ) even to unexpected simple tones (Cuthbert et al. 1998) , suggesting a greater allocation of attentional resources to the affective visual stimuli in a limitedcapacity system (Keil et al. 2007 ). These effects seem contrary to the modulatory effects we observed in STG. The reasons for this disagreement are still unclear but, however, any comparison between these studies and the experiment here reported should be taken with extreme caution. In startle experiments, probes were identical across presentations, whereas we used 100 different novel sounds. Although both startle probes and novel sounds appeared unexpectedly in all studies and, thus, can be treated as novel auditory events, the structure of the audio--visual oddball paradigm used here differs notably from that used by startle reflex measurements. For instance, in those experiments, sounds appeared while the picture was on screen and the stimulus duration was of 1.5 or 6 s. In our study, sounds appeared when no image was being displayed. With this and the short duration of the stimuli, we manipulated the emotional load of the task while the images and sounds never overlapped, and attentional resources were never forced to compete. This trial structure was optimal to favor novelty processing and behavioral distraction (Escera et al. , 2000 Escera and Corral 2007 .
Potential Limitations and Shortcomings
It is important to note that it may be difficult to dissociate between activations related to novelty specifically from those related to spectrotemporal processing, as the novel sounds differed widely from the standard ones in this regard. Moreover, it has been demonstrated that lateral belt areas of rhesus monkey auditory cortex are more responsive to complex sounds than to pure tones (Rauschecker et al. 1995) . However, the novel sounds also differed in their probability of occurrence and may therefore be considered as contextually novel (see Ranganath and Rainer 2003) . According to magnetoencephalography (MEG) data, auditory cortex activation related to these types of novel sounds (actually to a similar set of sounds as the one used here) was located halfway between the MEG source of N1 and that of the mismatch field, reflecting novelty detection . Moreover, the fact that the novel sounds presented in the NEU context were statistically similar to those presented in the NEG context, both in loudness (RMS level) and spectrotemporal features (Cepstral Coefficients; see Supplementary Material), would still demonstrate that a NEG emotional context modulates the processing of novel sounds in auditory cortical areas.
Furthermore, the possibility that differential brain activations during emotional face processing could be caused by differences in basic visual features is still present, although any effects related to emotional face processing disappeared, in other studies, when faces were inverted (and, therefore, the holistic face perception was reduced- Fox et al. 2000) .
In addition, it is worth emphasizing that the emotional effects on auditory processing observed in the present study were elicited by faces displaying an expression of fear and anger. It would therefore be rash to generalize and suggest that the same effects could also be elicited by a task loaded with any other emotional valence.
Finally, to fully assume the role of the amygdala both in the enhancement of the STG and a decrease of activations in different cortical areas, further research should address this issue focussing on functional connectivity and correlations between the amygdala activation and behavioral effects.
Conclusions
Taken together, the results obtained in the present study led us to propose that processing NEG emotionally salient information would alter cortical excitability in STG and thus would define this temporal region as an emotional context-dependent area in the auditory novelty system. When mediated by emotion, specific unimodal and multimodal regions of the STG would enhance processing of novel auditory events in novelty-related areas. These events, irrelevant in NEU environmental conditions, could potentially convey crucial information in a context of affective relevance and, through the mechanisms described in this study, would warranty greater chances of survival.
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